Contains 5 figures, 1 table, methods, and references. Figure S1. Related to Figure 1. Figure S1. Genetic analysis of the DNA damage tolerance defects of ctf4Δ cells. (A) WT (FY1000), ctf4Δ (HY2193), sgs1 (HY1461) and sgs1 ctf4Δ (HY1472) cells were synchronized in G2/M at 25°C prior to release at 30°C in MMS-containing media (0.033%), samples for FACS analysis were taken every 15 minutes. (B) WT (FY1000) and ctf4Δ (HY2193) were synchronized in G2 at 25°C prior to release at 30°C in MMS-containing media (0.033%). The genomic DNA was psoralen crosslinked in vivo before extraction, digested with EcoRV/HindIII and analyzed by 2D gel with a probe against ARS305. Plots with the cell-cycle profiles and quantifications of the replication intermediates are displayed. The columns in the quantification graphs denote the data mean of two independent experiments and the bars indicate ranges.
intermediates from sgs1Δ and sgs1Δ rad51Δ carrying the LacO repeats and the dimeric (HY1861, HY2083) or the tetrameric (HY1859, HY2084) LacI version. The cells were grown and arrested in G1 at 25°C. Cells were transferred to synthetic complete media lacking histidine and containing 10 mM 3-aminotriazole and α-factor for the last 20 min of the arrest in order to induce the expression of LacI. Cells were then released in medium containing 0.033% MMS at 30°C. 2D gel analysis was conducted as in the 
Figure S5. Recombination pathways providing for viability in pri1-M4
mutants. Tetrad dissection of (A) pri1-M4 X rad52Δ and pri1-M4 X rad51Δ.
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SUPPLEMENTAL EXPERIMENTAL PROCEDURES
Strain construction
S. cerevisiae strains were prepared by genetic crosses and standard gene disruption techniques (Goldstein and McCusker, 1999; Wach et al., 1994) .
Original strains used in the cohesion assays were obtained from (Michaelis et al., 1997) as described, by triple integration of a plasmid carrying 112 tandem repeats of the TetO sequence (p306tetO112) at the URA3 locus. An additional plasmid carrying the TetR fused at the C-terminus with a GFP molecule followed by a nuclear localization signal (NLS) was then introduced at the LEU2 locus. Original strains used in the artificial tethering of the sister chromatids were obtained in a similar manner in (Straight et al., 1996) S4A in which cells were additionally resuspended in synthetic complete media lacking histidine and containing 10 mM 3-aminotriazole during the last 20 min of the arrest to induce LacI expression as previously described (Straight et al., 1996) . The release from synchronization was performed as previously described, in YPD containing MMS at a final concentration of 0.033% v/v (Branzei et al., 2006) at temperatures indicated in the figure legends.
Fluorescence-activated cell sorter (FACS) analysis
Cell cycle analysis was conducted as previously described (Vanoli et al., 2010) . In brief, 1x10 7 cells were collected by centrifugation, and resuspended in 70% ethanol for 16 h. Cells were then washed in 0.25 M Tris-HCl (pH 7.5), resuspended in the same buffer containing 2 mg/ml of RNaseA and incubated at 37°C for at least 1h. In case of Sytox-green staining, cells were further treated overnight with proteinase K (1 mg/ml) at 37°C. Cells were then resuspendend in Tris-HCl (pH 7.5) 200 mM, NaCl 200 mM, MgCl2 80 mM and stained in the same buffer containing 50 µg/ml of propidium-iodide (Sigma) or 1 µM Sytox-green (Invitrogen). Samples were then diluted 10-fold in 50 mM
Tris-HCl (pH 7.8) and analyzed using a Becton Dickinson FACScan.
Drug sensitivity assay
Cells were grown in YPD at 28°C, if not differently specified, counted and adjusted to a 1x10 8 cells per ml concentration. Serial 1:10 dilutions were made in YPD and one drop of each dilution was pin-spotted onto YPD or YPD containing different MMS concentrations. The plates were then incubated for 2-4 days at 30°C if not otherwise specified.
Mutagenesis assay
Spontaneous mutagenesis at the CAN1 locus was assessed by measuring the canavanine resistant fraction of parallel saturated populations as previously described in (Gonzalez-Huici et al., 2014) . 
Deletion assay
The deletion rate assay was performed as previously described in (Aguilera and Klein, 1989; Gomez-Gonzalez et al., 2011) . Heterozygous diploid strains were sporulated on VB plates, dissected on YPD plates and grown for 3-4 days at 25°C. Seven single colonies for each strain (carrying the appropriate genotype) were then resuspended in 1 ml of sterile distilled H 2 O and 4-5 serial dilutions (1:10) were made. Cells were then plated on low-adenine plates containing 9 µg Adenine/ml (~10 3 cells) or on media containing 5-FOA at 1 mg/ml (~10 7 cells), to visualize ADE2 − and URA3 − colonies respectively.
Deletion events were scored and multiplied by the appropriate dilution factor to calculate the frequency of recombination. At least three independent experiments were performed for each strain. Values were then utilized for the fluctuation test using the maximum-likelihood approach and the FALCOR software (http://www.keshavsingh.org/protocols/FALCOR.html).
Protein based procedures
Proteins were analyzed from denatured yeast crude extracts as previously described (Liberi et al., 2000) . Briefly, 10 8 cells/ml were harvested, resuspended in 2 ml of TCA 20% and transferred to 2 ml eppendorf tubes.
The pellet was resuspended in 200 μL of TCA 20% and an equal volume of acid-washed glass beads (425-600 μm, Sigma) was added. Cells were broken by continuous vortexing for 2-4 min. 400 μL of TCA 5% was added to have a final concentration of TCA 10%. The lysates were then transferred to new 1.5 ml tubes and centrifuged for 10 min at 3000 rpm, RT. The pellet was resuspended in 100 μL Laemmli Buffer 1X. The pH was then adjusted with 50μl of Tris Base 1M. The protein extracts were boiled for 3 min and centrifuged for 10 min at 3000 rpm, RT. The supernatant was collected and analyzed by SDS-PAGE. PCNA was detected using the mouse monoclonal antibody from Abcam (ab70472).
Premature sister chromatid separation assay
Logarithmically growing cells were treated with 3 µg/ml α-Factor to induce G1 arrest. Cells were then washed using YP and released in YPD containing 10 µg/ml of nocodazole (0.1% DMSO total) in order to allow one round of replication. After three hours of nocodazole treatment, G2 arrest was checked by cell morphology and 20 ml of cells were collected and fixated in 4%
formaldehyde for 5min at room temperature. Cells were then collected by centrifugation, resuspended in SK buffer (1M sorbitol, 0.05M K 2 PO 4 ) and sonicated for 8 seconds prior to microscope analysis. Cells were imaged on a Delta-Vision microscope (Applied Precision) using 100X oil immersion lens.
Fluorescence was visualized with a conventional FITC excitation filter and a long pass emission filter. Images were analyzed using ImageJ software.
Statistical analysis was performed on results obtained in at least three independent experiments.
2D gel and electron microscopy samples preparation
In all, 200 ml cultures (2-4 x 10 9 cells) were arrested by addition of 0.1% sodium azide (final concentration) and cooled down on ice. In case of psoralen crosslinking experiments (indicated in the figure legends), cells were additionally treated using a modified protocol with respect to the one described in (Gasser et al., 1996) . Briefly, cells were washed, resuspended in 5ml of cold water in small petri dishes and kept on ice. 300 µl of 4,5',8-trimethyl-psoralen solution (0.2 mg/ml in EtOH 100%) was added prior to extensive resuspension by pipetting, followed by 5 min of incubation in the dark and then 10 min of UV irradiation at 365 nm (Stratagene UV Stratalinker). The procedure was then repeated 3 times (for 2D gels) or 5 times (for EM analysis) to ensure extensive crosslinking. Cells were then harvested by centrifugation, washed in cold water, and incubated in spheroplasting buffer (1M sorbitol, 100 mM EDTA (pH 8.0), 0.1% βmercaptoethanol, and 50U zymolyase/ml) for 1.5 h at 30ºC. In all, 2ml water,
200µl RNase A (10 µg/ml), and 2.5 ml Solution I (2% w/v cetyl-trimethylammonium-bromide (CTAB), 1.4M NaCl, 100 mM Tris-HCl (pH 7.6), and 25 mM EDTA (pH 8.0)) were sequentially added to the spheroplast pellets and samples were incubated for 30 min at 50ºC. 200 ml Proteinase K (20 mg/ml) was then added and the incubation was prolonged at 50°C for 90 min, and at 30°C overnight. The sample was then centrifuged at 4000 r.p.m. for 10 min:
the cellular debris pellet was kept for further extraction, while the supernatant was extracted with 2.5 ml chloroform/isoamylalcohol (24:1) and the DNA in the upper phase was precipitated by addition of 2 volumes Solution II (1% w/v NaCl, 10 mM Tris-HCl (pH 7.6), and 1 mM EDTA). Residual DNA in the cellular debris pellet was also extracted by resuspension in 2ml Solution III and incubation at 50ºC for 30 min, followed by extraction in 1 ml chloroform/isoamylalcohol (24:1). 
Quantification of replication intermediates
Quantification of X-shaped intermediate signals was performed using the Image Quant software (GE Healthcare) as previously described (Vanoli et al., 2010) . For each time point, areas corresponding to the monomer spot (M), the X-signal and a region without any replication intermediates as background reference were selected and the signal intensities (SI) in percentage of each signal were obtained (see example below for selection of monomer spot, spike, background or total signals).
The values for the X and monomer were then corrected by subtracting from the SI value the background value after the latter was multiplied for the ratio between the dimension of the area for the intermediate of interest and for background (see example of working sheet below). The relative signal intensity for the X was determined by dividing the value for X with the sum of the X and monomer values. The resulting values for X signals were then normalized and converted to percentage by using the highest value number of X for each experiment as 100 and normalizing the other values to it.
We found very similar final values when the X-signal was normalized to the total signal (T) instead of the monomer spot as shown in the example we provided. As sometimes in the total area unrelated signals appear (likely due to technical issues related to hybridization or washes of the filters), the values reported in this study used the normalization versus the monomer spot.
We also note that slight differences in various steps required for a 2D analysis (different genomic locations that also impose different running conditions, different temperatures or synchronization procedure) may generate variability in the absolute numbers obtained with our quantification tools. The differences reported in our analysis are however clearly detectable and highly reproducible (in independent experiments, at various time points) as shown by the normalized quantification and by the ranges displayed on the quantification graphs.
Electron microscopy analysis
Genomic DNA was extracted using the CTAB-Psoralen procedure and then enriched for replication intermediates (RIs) as described previously (Neelsen et al., 2014) . Briefly, 15 µg of DNA for each strain were digested with PvuI for 3 h following manufacturerʼs instructions and additionally treated with RNAseIII to avoid RNA contamination of the samples. The digestion mix, adjusted to 300 mM NaCl was then loaded on a chromatography column containing 1 ml of BND cellulose stock (0.1 g/column; Sigma B-6385, preequilibrated with 10 mM Tris-HCl pH 8, 300 mM NaCl). DNA was incubated with the BND cellulose for 30 min with resuspension every 10 min to allow full binding of the DNA molecules and flow-through was collected by gravity flow.
Twice 1 ml of 10 mM Tris-HCl pH 8 containing 1M NaCl was added to the column to collect linear double-stranded molecules (salt elution, 70-90% of total DNA). 600 ml of 10 mM Tris-HCl pH 8, 1M NaCl containing 1.8% caffeine were finally added, incubated for 10 min, in order to induce elution of the RIs.
DNA was then purified and concentrated using conical Amicon Ultra centrifugal filters (0.5 ml 100K-MWCO 100K) following manufacturerʼs instructions. Fractions of the samples were then spread onto carbon-coated EM grids in the presence of uranyl acetate followed by platinum-based rotatory shadowing and analyzed as described in (Neelsen et al., 2014) .
The assignment criteria for single-stranded regions on the DNA molecules analyzed in this work were recently described (Neelsen et al., 2014) . We note that in order to assign a ssDNA region on a DNA filament it is necessary to identify two points on the DNA molecule that define the borders of the ssDNA region, in which the thickness of the DNA filament (in our experimental conditions ~20 Angstroms) decreases close to one half. We note that the observed thickness of the molecules is largely determined by the amount of deposited heavy atoms during the shadowing procedure. The length measurements were performed using a conversion factor expressed in graphic units per base pairs/nucleotides (automatically converted in nanometers/nucleotide according to the magnification value at which the picture was taken), using a plasmid of known length as internal standard (Neelsen et al., 2014) .
